Abstract: Dispersion engineering enables phase matching for nonlinear down conversion from 775nm to the telecom c-band in lithium niobite microdisk resonators without periodic poling. High rates of spontaneous creation of entangled photon pairs is observed.
Introduction
Generating entangled photon pairs is an important component in the quantum information toolbox with applications ranging from quantum key distribution to heralded single photon generation [1] . Nonlinear optical conversion through spontaneous four wave mixing or spontaneous parametric down conversion (SPDC) has been shown to be a stable platform for generating entangled photons in integrated platforms [2] . SPDC is particularly advantageous due to the ability to pump out of band and the relatively high efficiency of χ 2 processes when compared to χ 3 [3] .
Lithium niobate has long been of interest for nonlinear optics due to its strong second order non-linearity and wide transparency window [4] . The strong material dispersion, however, makes it difficult to phase match photons widely separated in frequency as the SPDC process requires. As a result quasi-phase matching through periodic poling of the material was developed and enabled efficient second-harmonic generation and SPDC [5] .
We utilize a novel phase matching scheme that enables frequency conversion in whispering gallery microdisk disk resonators by utilizing the anomalous geometric dispersion of the resonator to compensate for the normal dispersion of the material. This scheme utilizes the d31 component of the reduced nonlinear tensor meaning that the pump and signal/idler modes have different polarizations. Although d31 is weaker than d33 in lithium niobate, our system overcomes this relative weakness due the small mode volume and quality factor enhancements realized in the high Q whispering gallery modes of the microdisks.
Additionally, the generation and extraction rates of the SPDC are dependent on how strongly an integrated waveguide or tapered fiber can couple to the microdisk resonator. In particular it is optimal for the pump mode to be critically coupled to the feeder waveguide while having an over-coupled waveguide maximizes the extraction of entangled photon pairs. The bi-refringent phase matching scheme leads to stronger coupling regimes because the fundamental modes of the microdisks are easier to access with integrated waveguides or tapered fibers.
Photon characteristics and entanglement verification
Our lithium niobate microdisks are fabricated to have phase matched modes at 775 nm with a vertical (out-of-plane) polarization and 1550 nm with a horizontal (in-plane) polarization. By pumping an appropriate mode with a tunable laser we are able to observe bright generation of photons with energies centered at double the wavelength of the pump. We observe both degenerate down conversion where both the signal and the idler are in the same mode, as well as non-degenerate modes which are adjacent to the center frequency.
The signal and idler photons display strong bunching characteristics and their entanglement is verified through a multiplexed Franson type interferometer where an unbalanced fiber interferometer is able to determine the exit port for the photon pairs in a nonclassical manner [6] .
Conclusion
We demonstrate a novel scheme for efficient generation of entangled photons at telecom wavelengths. Our new method for phase matching lithium niobate microdisk resonators through geometric dispersion properties leads to simplified fabrication processes without needing the crutch of periodic poling. Additionally we verify the nonclassical nature of the generated photons by performing extensive metrology on the quantum state of the photons.
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